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Investigation of Gamma Badiation Hazards
Incident to an Underwater Atomic Zxplosion.
SECTICH I. SUMMARY

1. In order to properly account for the attack by means of atomic
weapons in the design of new construction, fundamentel data on the
hazards of gamma radiation (penetrating radiation) resulting from an
underwater atomic explosion was reouired. Inquiries indicated that the
existing data, based on Overation Crossrocads, was inadequate for design
purposes. Consequently, the Bureau of Ships undertook on 3 November
1947 to investigate the basic information collected during Test Baker in
order to obtain adequate design data for considering measures to protect
against gamma radiation. Detailed history and results of this investiga-

tion are contained in Section II of this report. Section I is a summary

of the results of the investigation.

2. Since previous reports from Operation Crossroads indicated that the
base surge which formed at the base of the Zest Baker water column and
moved outward, enveloping the target array, contained nsarly all of ths
gaima radiation hazard, the extent and rate of growth of the base surge
was the subject of the initisl investigation. The growth and extent of
thé base surge was charted dy analysis of photogravhy of the Test 3aker
detonation as described in Section II, paragraphs 3 to 8. IFigures 3 and
S5 completely describe the motion of the base surge from detonation to
detonation.plus seven minutes. TFigurc 4 denicts the time distance curves
of the movement of the base surge in the upwind, crosswind and dowrwind
directiorns. The base surge forms about ten seconds after detonation

around thc base of the collapsins “atar c-lumn and moves cutward in a

_1- - ’w-—.«:



uniform fashion to about the 10GC yard circle. The mean velocity of th
advance during this period is about 50 knots. 3eyond tﬁe 1000 yard circle,
the velocity of the base surge in the upwind direction begins to diminish
rapidly, belng but 15 knots at the end of the first minute. HMotion in the
upwind direction ceases at about two minutes after detonation. The maxi-
nun distance-reached is about 1800 yards. Stagnation of the upwind side
of the base sﬁrge corresvonds to a rapid deceleration of the crosswind
and downwind sides. The maXximum crosswind extent (2700 yards) is reached
at about detonation plus three minutes. At the same time, the velocity

of the base surge in the downwind direction reaches a constant velscity
approximating that of the wind (six knots). Thereafter, movement of the
base surge is controlled entirely by the wind. Beyond 3000 yards down-
wind._the base surge loses its opaque cloudlike apvearance. It lifts’
from the water and begins to disintegrate under the action of the wind.
Vessels situated at about 3500 yards downwind never quite disapnear from

view.

3. The total dose of gamma radiation received by each target ship ex-
posed during Test 3Baker was recorded as the darkening of vhotogranhic
films placed in various locations throughout the vessels. The total
dose thus recorded was received in two ways:

(a) Dircct gamma radiation from radioactive varticles in suspension
in the base surge., This "surge radiation” operates on the marticular
film badge from the time the surge epproaches close enough for the gamma
radiatior to penetrate to the badze until the base surge retires down-

wind or lifts above the array, depanding unon the location of the target

containing the badge.



(b) Gamma radiation emanating from fission orcducts deposited on
the weather surfaces of the vessel. This "deposit radiation" operates
on the film badge from the time the fission products begin to be deposited

in the vicinity of the target until the badge is removed from the area.

4. The dose from the surge and the dose from the deposit combine to
form the total dose recorded on the film badge. The total dose as re-
corded by the darkening of the film cannot be broken up into the two
constituent doses. The deposit dose, however, can be obtained independ-
ently of the film badge data by measuring the intensity of gamma radia-
tion on the weather surface at some time after contamination by means

of a Geiger Counter or similar device. The deposit dose is obtained by
integrating. between proper limits, the srea under a decay cuive passed‘
through the measured value, as shown in Figure 11 and expiained in Section
II, paragraph 27 and 28. Once the denosit dose is obtained in this manner,
the surge dose can be inferred by subtracting the devosit dose from the

total dose as recorded by the film badgze.

S. After an exhaustive survey of nrior revorts (Section II, paragraphs
11 tkrough 25), available in the file of the armed Forces Svecial ¥eanons
Project, it was considered desirable to return to the basic data in order
to arrive at usable criteria for design purposes. In the orocess of ob-
taining accurate quantatative analyses of the distribution of gamma
radiation dosages throughout the array, considerable new light was thrown
upon the mechanisms by which the gamma radiation hazard is propagated
during an underwater explosion. I% was discovered that, contrary %o

previous thought, the base surge was not the primary contaminating
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mechanism of the underwater explosion. Consideration of the distribution
of the deposit dose, as analyzed from Geiger Counter records, led to the
hypothesis that the primary deposit occurred as the result of early radio-
active fallout or "rain" from the mushroom head. This hypothesis was
substantiated in numerous ways throughont the study. The early fallout
from the mushroom head (Figures 16 through 19) tended to form a "ring"

of high deposit doses around the center of burst, each maximum corresponding
to a prominent fallout visible in photographs. An expanded section of
this "fallout ring" is shown in Figure 20. The mean level of deposit

dose in way of the fallout ring is about 4000 roentgens. Of this amount,
about 3500 roentgens is attributed to the fallout from the mushroom head
and about 500 roentgens to the depasit resulting from cordensation of the
base surge. The distribution of deposit over the Test Baker array is

shown in Figure 15 by contours of deposif dose in equivalent roentgens.

6. The-total unsbielded dose of gamma radiations experienced by the
target vessels was determined by a comparative analysis of film badge
data (Section II, paragraphs 42 through 51). Figure 28 shows the dis-
tribution of total gamma radia£ion cdose over the Test Baker array bty
means of contours of total dose in eguivzlent roentgens. Contours of
surge dose were obtained by subtracting the deposit doses represented
in Figure 15 from the total doses rerrcsented in Figure 28. These con-

tours are plotted in Figure 29.

7. Figures 3, 5, 15, 28 and 29 ard the accompanying text in Section II
adequately describe the vropagation and distribution of the gamma radia-
tion hazard which occurred in Test Baker. TFor design wurposes, a more

generalized statement of the hazards involved is necessary. A major
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factor controlling the distribution of the gamma radiation hazard during
Test 3aker was the wind velocity. The wind velocity at the time of the
Test Baker burst was six knots. This is not representative of the mean
wind velocity to be expected, After some study, a design wind velocity
of 15 knots was assumed. Figure 6 illustrates the growth and movement
of the base surge under a wind velocity of 15 knots. The development is
shown to detonation plus five minutes or 4000 yards on the downwind side.
Further development is not investigated due to the 1lifting and disintegra-
tion of the surge at this time. Paragrashs 54 through 60 of Section II
describe the changes in gamma-radiation distribution resulting from the
assumption of a design wiﬁd speed of 15 knots. Figure 30 represents the
mean or average distribution of'deposit dose under these conditions.

Note that an "ideal" ring maximum of 40CO roentgens is assumed in lieu of
the various maxima exhibited by the deposit dose distribution in Test
Baker (Figure 15)." Figure 31 reoresents the mean or average surge radia-
tion dose distribution under design conditions. Since surge radiation

is great only in the early moments of an underwater burst, an increase

in wind velocity has very little influence upon the surge radiation dose
distribution. Figure 32 represents the total gamra radiation dose which
may be exnected under mean conditions with a wind velocity of 15 knots.
It was obtained by summation of the two constituent doses represented

by Figures 30 and 31. The shape of the contours inside the 6000 roentgen
contour is of little practical value although interesting from a theo-
retical noint of.view as discussed in Section II, paragranh 59. For
design purposes, an even growth to a 9000 roentgen maximum at the center

of burst can bYe assumed.
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8. Section II corntains the detailed analysis a2nd results. Since tke
evaluation of prior work on this procler was made very difficult by a

lack of statements as to assumptions and formulae used in obtaining results,
a full history of assumptions used,. processes and formulae developed and
accuracies obtained is contained in Section II along with discussions of
physical interpretation of the data in many instances. The magnitude

of this phase of the problem of protecting naval vessels against penetra-
ting radiations is such as to preclude additional study into the time-
intensity and other characteristics of the gamma radiation hazard at

this time. These characteristics will be the subject of future studies.

9. Basic data on film badge exposure and deposit dose calculations which
were obtained from the files of the armed Forces Special Weavons Project
are referred to in Section II as Documents A and B. These titles were

~applied by the Bureau to the data which wzs in rough form without formal

titles or identification.

10. Illustrations for this report have been classified on an individual
basis in order to facilitate their usc in desiz<n or training apart from

this report. The complete remort, text ard illustrations, is classified

Top Secret.
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SZCTICH 1I. Detailed Analysis

1. Incident to the design of the anti-submarine’warfare vessel, several
questions arose concerning the amount, ciharacter and duration of the
radiological contamination experienced as the result of an underwater
atomic detonation and at what rangés from the burst this contamination
would affect a naval vessel. As a résult, the Atomic Warfare Defense
Section, Bureau of Ships, initiated a study of the mroblem on 3 November
1947. The immediate object of the study was to determine the gamma
radiation hazard from a-Test Baker type detonation against the CLK Class
vessel. The long-range objective was to be an assessment of the gamma

radietion hazard against all major types and classes of naval vessels.

2. Consultation with the Technical Directors group, Crossroads Division,
Armed Forces Special Weapons Project revealed that the radiation hazard
emanated almost entirely from the base surge which formed at the base of
the water column about ten seconds after detonaéion and moved outward,
enveloping the target array. The base surge was comvwosed of a very heavy
mist or fog containing radiocactive materials and fission products. As
the base surge moved outward condensation occurred and a portion of the
radiocactive materials "rained out" on the target vessels, contaminating _
the tovsides. The Technical Director, Dr. Scoville, estimated that about
S0% of the total radiation dose registered by each target vessel was the
result of radiocactive decay of the material deposited on the target
vessel. The other 50% of the total dose was radiated from the mist
during the time in which the vessel was enveloved by the mist. In order
Yo assess the hazard to the vesscl while underway, data as to the rate

of srowth of the base surge and the radiation gradient at various stages
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of zrowth is necessary. A survey of available data incdicated the existence
of much conflicting or unsatisfactory data and considerable nissing in-
formation. It was decided to investigate the growth of the dbase surge

" independently by means of analysis of photogravhy of the Test 3aker
detonation so as to form a firm foundation for the remainder of the study.
The principal films used were AF Nos. 592, 593, 647, 632, 598, 629 and 637.
The results of this analysis are shown in Figure 1. Thec estimated time
of contact of the base surge with the nearest point of the target vessel
is recorded for each film on which the varticular vessel is oﬁserved.
Where the comera angle permitted, the time of actual contact was observed.
If contact occurred between successive fromes or if the camera ﬁngle did
not permit an observation of the near point of the vessel, the progress

of the surge over the vessel was observed and an estimate of surge
velocity made, With this information, the time of contact was readily
determined. At the right margin of Figure 1, is the average or consensus
of all observations on each target vessel. These values of time aré
Plotted in Figure 2 at the aporopricote locations of the nearest points

of the targets. The position of the targets has been oriented on the
basis of the announced wind bearing of 135° true. Contours of time up

to three minutes have been added. The shape of these contours indicate
that the actual dirsction of wind during and imrmediately after detonation
was more in the nature of 150° true. TFigure 2 also indicates the some;
what uneven growth of the surge. Photograpvhs show a definite scalloped
effect on the perivhery, with minor protrubcnces ~nd identations occurr-

ing from time to time.
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<. Tor design purposes, a faired curve is desirable which represents &
mean progress of the base surge. Faired curves of the develomment of the
base surge up to three minutes are shown in Figure 3. Xot only have the
oinor irregularities of Figure 2 been faired but maximum values are re-
oriented to the downwind direction (150° true) and the curves are now
symanetrical about the wind axis as would be expected. Certain character-
istics of the growth of the base surge are visible in Figure 3. The base
surge begins to form around the base of the water column at about detona-
tion plus ten seconds. The base surge is circular in plan, the radius

at formation being about 350 yards. At 15 seconds, the surge is still
circular and has }eached the 500 yard circle. The surgé remains circular
until it reéches the 900 yard circle at 30 seconds after detonation.
Thereafter, it begins to distort from the original circular plan. On

the upwind side, the growth of the base surge is inhidited by the adverse
effect of the wind and approaches a flat ellipticai shape, the crosswind
dimensions of the base surge being the transverse axis. The rate of
growth of the base surge downwind is aided by the wind and assumes an
ellintical shape in which the crossw;nd dimension is the conjugate axis.
The extreme limit of the base surge upwind is 1800 yards. Dowvnwind,

it extends to about 3000 yards by the end of three minutes. The
characteristic egg-shaped plan of the base surge is clearly visible in
several aerial photographs. The maximum crosswind extent of the bzse
sﬁrge is about 2700 yards from the center of detonation. Presumably,
this distance is that at which the base surge exhausts the onergy supnlied
to it by the detonation and, were no wind existing, the surge would come
to rest in a circular shape with the edge of the surge on the 270C yard

circle.
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5. 3y passing a section through the origin of Tigure 3, the time dis-
tance curve of the motion of the base surge up to three minutes can be
determined for any desired direction. TFigure 4 depicts the time-distance
curves of the movement of the base surge in the upwind, crosswind and
downwind directions. The character of these curves is interesting. The
base surge forms roughly ten seconds after detonation around the base of
the water column (about 350 yards from the center of detonation). The
base surge advances outward in a uniform fashion to about the 1000 yard
circle. The mean velocity of the base surge during this period is about
50 knots. During this period of nearly constant velocity, energy is
being continuously added to the surge by the disintegration of the water
column. Beyond the 1000 yard circle, the vélociﬁy of the base surge in
the upwind direction begins to diminish rapidly. At the end of the first
minute the velocity upwind is but 15 knots. The crosswind and downwind
velocities are nearly equal. 4t one minute the base surge has advanced
about 100 yards further in the downwind direction than in the crosswind

direction.
~

~

6. Motion in the upwind direction ceases at about two minutes after
detonation. The maximum distance rcached is about 1800 yards. Stagna-
tion of the upwind side of the base surge corresnonds to a ranid decelera-
ticn of the crosswind and downwind portions. The maximum crosswind
extent of the base surge (27C0 yards) is reached at about three minutes.
At the same time, the velocity of the base surge in the downwind direc-
tion reaches a constant velocity avnroximating that of the wind. These
two facts supvort the conclusion that the energy originally vresent irn

the base surge is exhausted at the end of three minutes. Thereafter,
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ncvement of the base surge is controlled erntirely dy the wind. Beyond
3CCO yards downwind, the base surge loses its opaque cloudlike apnearance.
It lifts from the surface of the water and begins to disintegrate under
the action of the wind. Vessels situsted at about 3500 yards downwind
never quite disappear from view. Consecuently determination of the be-

havior and velocity of the base surge is difficult.

7. Beyond detonation plus three minutes, the base surge is moving only
in the downwind sense. One observation was made in this direction, that
on the COEYHGHA@. The estimated time of contact- was six minutes. This
point is plotted in Figure 4 as a circle and agrees well with a straight
line drawn from the downwind curve at three minutes with an arbitrary
sloie equivalent to a velocity of six knots (the probable wind velocity).
On the upwind side, the base surge bezins to retreat after detonation
vlus three minutes. Three observations cf the retreating surge were ob-
tained and are plotted on Figure 4 as triangles. These observations
agree very well with a straight line of arbitrary slope equal to six
knots velocity drawn from the upwind curve at three minutes. The motion
of the base surge is thus comvletely represented out to.eight minutes
after detornation., Study of Figure 4 indiccres that the base surge
reaches a maximum diameter in the upwind-dewnwind direction of about
4800 yards at detonation plus three minutes. The tase surge reaches 2
crosswind meximum diameter of about £4C3 yards at the same time. Trere-
after, the basé surge dimensions are static #nd the surge moves bodily
downwind at wind velocity. The maxizum crosswind diameter is about

600 yards-greater then that ir the utird-domwind direction, indicating

that the wind was more effsctive in liziting unwind growth than it was
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in nromoting the downwind extent of the surge. This appears to be

reasonable.

-~

8. Figure 5 describes the bodily movement of the base surge downwind

from detonation plus three minutes to detonation plus seven minutes.
Figures 3 and 5 together completely describe the motion of the base surge
from detonation to detonatfon plus seven minutes. As stated before,

beyond seven minutes the motion of the base surge is difficult to determine.
It has lifted to form a cloud at about 10CO ft. above the surface and has
begun to disintegrate. However, for vessels underway, the motion of the
base surge at this time is largely of academic interest, as the vessels
would have already cleared the area. For this reason, inquiry into the

motion of the base surge beyond detonation plus seven minutes is not made.

9. For purposes of assessing the radiation hazard from an underwater
explosion upon vessels underway, the data represented bty Figures 3 and 5
1s not entirely satisfactory as the wind veloéity (six knots) which was
present during Test 3aker is not representative of the mean wind velocity
to be expected. On the basis of study of available data concerning the
mean wind velocity in probable.operating areas, a wind velocity of 15
knots was chosen for design purposes. In Figure 4 two dashed lines with
slopes corresponding to a velocity of 15 knots have been added tangent

to the downwind and upwind curves. Under this assumption, the base surge
ccases expanding and begins to move downwind at 15 knots at about detona-
tion plus 2 1/2 minutes. The crosswind curve is unaffected. Although

it apnears obvious that the shape of the curves prior to 2 1/2 minates
would be altered somewhat by the increased wind velocity, any adjustment

would be highly arbitrary. Conseauently, no adjustment is made.

~-12- - i :)



10. ZFigure & represents the develownznt of the base surge of a 3aker-

type atomic bomb under the influence of a 15 knot wind as indicated. The
development is shown to detonation plus five minutes or 4000 yards on the
downwind side. Further development is not investigated due to 1lifting and
disintegration of the surge as explained in naragraph eight. The increased
wind velocity probably would cause lifting and disintegration of the base
surge at some range closer than that experierced in Test Baker but an
effective surge is assumed to 4000 yards. It is expected that few, if

any, cases of vessels underway will involve contact with the base surge

in the neighborhood of detonation plus five minutes in any event.

11. Basic data on the radiation intensities encountered during»Test Baker
are derived from film badges placed in various locations on»the target
vessels. The placing of the film badges on the ships was accomplished

by the ship's crew in accordance with instructions which indicated the
compartment number and frame number for the location of each badge. Further
detc ils of the placing of the badges were left to the judgment of the

ship's ferce. As a result, no inforsation as to the height above deck,
orientation of badge, or relationship to location of heavy equipnment

is known. Study of the available data indicates that such variables
resulted in wide variation of doses received by badges subjected to

aporexXimately the same radiation.

12. The data derived from film badges consist of measures of total radia-
tion dose in roentgens received by the film-badges. The nrocess by

which the density of fogging of the film is converted into radiation

dose is subject to crror esmccizlly for very lizht doses and very heavy
doses. In general, thc reading obtained mzy be in error by as much as

-13- ‘ “‘“fff?**is
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153. Document A, made available by the Armed Forces Special Weapons Project
for use in this study, contzins detailed information on film dadge dosages
from Test Baker. The basic data from Document 4 is reproduced as Figure 21.
It is purported to be the best available information. The great majority
of film badges were placed within the ship structure and thus record the
dosage as influenced by the shielding effect of structure and equipzent.
There were 16 film badges located in topside, presumably unshielded,
locations on 13 ships. Since these badges would épnarently offer the most
accurate data on unshielded dose at the respective target vessels, it -is
interesting to note their performance. Three vessels, PENSACOL%. SALT

LAKS CITY and BRISCCE had two topside film badges. On PENSACCLA, badge
3524, located on the port side of No. 1 mount, and therefore nearest the
burst, registered 6700 roentgens. Badge 3544, located on the outside of
No. 4 mount registered 10,000 roentgens. The variation was 3300 roentgens
or roughly 50% of the smaller velue. On SALT LAXS CITY, badge 3518,
located under No. 4 mount and hence closest to the burst recorded 1600
roentgens. 3adge 3514, under a forward mount, recorded 2400 roentgens.

The variation.'800 roentgens, was 50% of the smaller reading. 3RISCCE

was nearly broadside to the burst. The bur:zt was on the port beam.

Badge 3745, located on a port side 20 mm. A4 zun, registeréd 6200 roentgens.
3adge 3755, on the starboard 20 mm. mount ormosite, registered 80CO
roentgens. A variation of 1800 or about 30% of the smaller velue is
aprarent. It is obvious from the above that radiation intensities re-
corded by unshielded film badges are very uncertain. High readines may
result from conditions which allow a concertration of fission vroducts

to accumulate in the immediate area of the bzdge. Low readirgs most

prodably result from shielding vrovided by topside equipment and structure.
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14. The readings on the unshielded badges when compared with the dosage
registered on badges below deck on the same vessel also provides con-

siderable information as to the reliability of the badge readings:

Ship Unshielded Badge Eighest Shielded Reading
WAINWRIGHT (DD419) 166 R 340 R
PENSACOLA (CA24) 6700 - 10,000 R . 3450 R
WILSON (DD408) 7600 R 4650 R
CONYNGHAM (DD371) 220 R 105 R
HUGHES (DD410) 4900 R , 4275 R
BRISCOE (APA65) " §200 - 8000 B 3400 R
SALT LAKE CITY (Ch25) 1600 - 2400 E 0 R
KUSTIN (DD413) ‘ 2000 R 11600 R
TRIPPE (DD403) 4900 R 5200 R
DEITUDa (SS335) 340 R 320 R
LSTS2 4000 R 2000 R
LST220 41 R 86 R
LST545 145 R 14 R

It will be noted that four of the 15 unshielded badges or 25% of
readings registered less dosage than some badge located inside the struc-
ture on the same'vessel. On five vessels the unshielded dose was roughly
twice the highest shielded dose. The badge recording the highest shielded
dose on each of these vessels was generaliy located in the superstructure
and the average plate thickness shielding the badge from the exterior
incident radiation was between .2 and .3 inches. The thickness of steel
required to reduce the incident radiation to 50% of the outside intensity
is about .8 inches. Therefore, either the additicnal structure attached
to the plating and the equipment in the commartment contributed about .5
incres of steel as shiclding or the unshielded values arc consistently

~15- s T
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hign. On the remaining vessels having unshielded badges, the highest
shielded dose varies from 10% on LST545 to 95% on DENTUDA of the unshielded

dose.

15- Wide variations in badge readings are also observed in the data when
a correlation is attempted between sister vessels of similar orientation
to the burst. As an example the four destroyers in the northwest chain
which had unshielded badges were selected. These were TRIPPE, 1320 yards;
WILSON, 1766 yards; WAINWRIGHT, 2952 yards and CONYNGHAM, 3597 yards. 4
shielded badge common to all four vessels is located in the Bos'ms Stores,
A-101-A, frame 4. The relation of readings from these badges to the un-

shielded reading is as follows:

Vessel Unshielded dose Bos'n Store dose - %
TRIPPE 4900 R 2600 R 53
WILSON 7600 R 2300 R 30
WAINWRIGET 166 R 160 R 96
COITYIHIGHAM ‘ 220 R 72 R 32

The shielded dose varies from 30 to 96 percent of the unshielded
dose. It should be noted that, contrary to expectations, the unghielded
dose values do not decrease with increasing distance. WILSON appears to
be in gross error. The shielded values show a more approvriate deteriora-
tion of radiation dose, This would indicate that shielded badges are less
subject to extreme variations than those topnside. Further investigation
over a large number of target vessels indicates that badges well-shielded
by structure or armor tend to give readings which are affected the least
by differences in location and orientation of the vadges. By taking these

factors izto account, it is anticivated that reasonabl: values of un-

shielded dose can bte derived.
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16. Document & lists, for each tar~zt vessel included 'in the document, &r
estimated value of unshielded dose. The basis for determining this dose
is not evident. However, it is presumed that in general the values listed
were obtained by study of the actusl shielded doses registered on each
vessel, Before attempting an independent assessment of the data, the
general distribution of total radiation dose over the array as shown by
these figures was investigated, Figure 7 is an accurate plot of the Test
Baker array. The area over which the base surge passed is indicated by
dashed lines. The unshielded dose, as determined from Document 4, is
shown by the name of each vessel. It will be noted first that many vessels
are not listed in Document A, Some of these ships have no data because
they were sunk as a result of Test Baker. 3But in addition to these, there
are mény omissions. Among the most important vessels upon.which-no data
is available in Document A are GASCCIIATZ, LST 133, YCG 83, PRINZ ZUG=N

and RHIiD. A cursory perusal of the vessels on which data is available
indicates three vessels: W;LSON, LIVADA and RALPE TALBCT; the readings

on which appear to be in gross error, WILSON, located between TRIPFE

(5000 R) and STACK (3000 R) and at a rough equivalent radius as LST 52
(4000 R), appears to have a radiation measurement several thousand roentgen
in excess of expectations. NEVADL (160C R) is situated in the center of
an area limited on four sides by MAYRALT (8000 R), TRIPE (5000 R), L3T 52
(4000 R) 2nd LCT 818 (2000 R). 1Its value is much lower then might be
predicted. RALPH TaLBOT (20CO R) has the same dose as IIDZPZIDICE which
was on the same radius and about 40C yards closer to the burst. Vessels.
at equivalent distances as RALPH TAL3CT are PARCZE (500 R) and 3:2RACY (150 R).

Therefore 2000 R would appear too high for RALPE T4L3CT, As indicated in
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srevious paragravhs, other errors in total unshielded dose are to be ex-
pected throughout the area because of the uncertainty of the data but the
errors in the values assigned these three vessels (underlined in blue in

Figure 7) are particularly gross.

17. Tigure B8 is an accurate plot of the Test Baker array with contours

of total radiation based on the values shown in Figure 7. The three vessels
underlined in bdlue and for which the radiation value apvwears to be in gross
error have been ignored in drawing the contours. The other doées are
accepted at face value for the time being. This data is, however,
admittedly suspect and hence Figure 8 should be accepted on a quélitative

basis only.

18. The principal characteristic shown by the Figure 8 contours is that
the maximum radiation dose does not occur at ihe center of the array. The
surface expressed by the contoufs is saddle-shaped, with the principal
paxinum located downwind in way of BRULE and MAYRANT., A secondary maxi-
num exists in way of BRISCOE, "with an avparent valley through the center
cf the array. The principal meximum is quite definite since both FALLON
and PZUSACOL. have lower values then 3RULZ, Unwind, the maximum is not
as well defined since no radiation rcading is available for GaSCONADE,
Eowever, the velues of NEW YCRK, HUGEES and PEIISYLVAITTA point rather
dofinitely to e maximum in way of BRISCOS. Section A-A, shown at the
bottom of Figure 8 indicates the distribution of radiation in an upwind-

downwind direction.
19. Apother remarkable feature of the Figure 8 contcurs is their tendency
to Te unsymrietrical with reference tc the surface wind direction. The
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directicn of the surface wind, 130° true, was determined from observations
of the base surge. The dashed lines in Tigure 8 indicate the directiocnal
tendency of the base surge. Some of the radiation contours, particularly
the 50C0, 40CO and 30C0O contours, seem to share this tendency. The 2000
and 10CO contours seem to favor the west side of the array downwind and
the 7000 and B00O R contours show a considerable orientation away from
the surface wind diréction. Section A-A, passed through the maxima, has
a bearing of 138° true. If the radiation hazard was generated entirely
by the base surge (paragraph 2), one would expect the.total dose to be
distributed symmetrically with reference to the wind direction. The fact
that the distribution is unsymmetrical indicates that the dose was not

obtained in so simple a fashion.

-~

20. It is interesting to compare Figure 8 with the radiation distribution
chart contained in Volume 1 of the Technicél Director's report. This
ckart is Figure 5 of Znclosure (J) to the Technical Director's Revort.
The saddle-shaped character of the radiation distribution is not in evi-
dence. A contcur cf "greater than BOCO R" surrounds the inner Qessels
of the array. All vessels inside the contour are labeled "greater than
8CCO RM, Comparison of total dose attributed to various vessels with
those of Document A shows many variations. Document A is considered

by AFSWP personnel to contain the most comprehensive data availabtle. In
view of the preliminary nature of the drta on Tigure 5 of enclecsure (J),
no particular meaning can be given to the absence of the saddle-shape,
excevt that it may not have been anticipated by the group which analyzed
the data. The oricntation of total dose so as to favor the western side
of the array is ecqually in evidence as in Ficure 8, This trend thus

appears to be well cstablisncd.
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2l. In order to investigate the two unusual features of Fizure 8, it is
necessary to inquire into the manner in which the total dose was received.
The total dose was received in two ways. The first way in which a dose
was received was by means of direct radiation from radiocactive particles
in suspension in the base surge. This "surge radiation" operates on the
particular film badge from the time the surge approaches close enough for
the gamma radiation to penetrate to the badge until the base surge either
retires downwind or 1ifts above the arrayl depending on the location of
the badge. The remainder of the total dose registered by the film badge
may be attributed to gamma radiation from fission products deposited on
the exterior of the vessel. This "deposit radiation" operates on the
film badge from the time the fission Droaucts begin to be deposited in
the vipinity of the film-badge unti; the badge is removed from the area,
the intensity of radiation from a given amount of material decaying with
time according to a known law. The dose from the surge and the dose

from the deposit combine to form the total dose on the film badge. The
total dose as recorded by the darkening of the film cannot be broken up
into the two constituent doses. The deposit dose, however can be obtained
independently of the film badge data by measuring the intensity of radia-
tion at sorme time after contamination by means of a Geiger Counter or
similar desvice. The deposit dose is obtained by integrating the arca
under a decay curve nassed through the measured value, the limits being
the time of deposit and the time the film badze was removed (or infinity,

if the latter time is not kmown).
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22. Data on the deposit dose, obtzined in the above manner, is contaired
in Document 3, obtained from AFSWP files. Document 3 contains the calcu-
lated deposit dose for certain target ships based on average topside Geiger
readings taken from 2 to 29 days after Baker day. <The details of assump-
tions made in the calculation are not available. Casual study of the data
indicates some questionable values. For a first aporoximation of the
distribution of devosit dose throughout the array, the data is accepted

at face value for the time being., The resulting contours, however, should
be accepted on a gqualitative basis only. Figure 9 is a plot on an accurate
Test Baker array of the data in Décument B. Contours of intensity in
roentgens are added. The doudble-pesk or saddle-shaped distribution of
radiation dose is again apparent. It is more strongly defined than in

the total dose contours in Figure 8. The lower maximum in the upwind
direction is esvecially well defined since a value is given for GASCCHADE.
lioving upwind from the center of the array, the walues of ‘depasit dose

calculated are:

GASCONADE 1050 R
BRISCC= 1600 R
CATRON 2200
BRACKEN 565 2

Thers is obviosusly a well defined peck in the neighberhood of CATRCL.
This peak is not as firmly fixed in Figure 8 because of the lack of total
dosc information on GASCONADZ., The contours of deposit dose in Figure 9
also shows a tendency to move toward the vwest side of the array, esvecially
in the downwind sense. The eccentricity is r.>v.: pronounced that that

apparernt in the total dose data (Figure 8).
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23. Detailed observation of the denosit dose datz in Tigure 9 reveals
several immortant facts. The devosit dose on TTils is 19€0 roentgens as
opvosed to an alleged total dose of 1600 roentgens as indicated on Figure
7. The opinion stated in parégranh 16 to the effect that the total dose

reading was in gross error is thus justified. In like manner, the deposit

o

dose on “Wilson is entirely in keening with its location detween TRIPZZ and
STACE. The total dose shovm in Figure 7 is very vrobably in error. o
deposit dose data is available on RALPH TAL3CT. Cne point of interest is
the extremely low deposit dose readings on IITIPEIDENCE, PENSACOLA and

SFATE., These values will be scrutinized closely.

24, Before proceeding to an independent analysis of gamma radiation with
the object of obtaining more accurate values than those contained in Docu-
ments A and B, it is worth-while to plot the distribution of surge radia-
tion over the array. This is accomvplished by plotting the difference
between total dose and deposit dose on the shins where these values are
available. Values for I'EVADA, WILSCI' and DaWSC, which are suspect, are
omitted. The results are shown in Figure 10. Contours of surge radia-
tior intensity have been added. Since these curves are based on the highly
doubtful practice of comparing two sets of urrefined data, they cannot be
corsidered as revresenting more than a rough oualitative apvroximation of
the effect of radiation from the base sﬁrge, Tevertheless, Figure 10
substantiates the results of thg vhotogratric analysis of the tase surge
movement to a remarkable degree. The contcurs, roughkly paralleling the
envelope of the base surge, f&t the admittedly few noints aveilable very
satisfactorily. Thre axis of symmetry of the ccntours corresnends to the
wird dircction assumed for the surge (15C° trus). Section C-C nassed

tnroush the wind axis reveals the sirsle vexked distribution of radiation



which mizht be exmected. The peak is slishtly uvwind of the center of the
array. %his characteristic can be rationzlized as tﬁe natural resuit of
the retirement gf the base surge over the upwin? side of the arrsy at an
earlier time than over the dovmwind sector. The decay of radiation is
exnonential and so rapid that the time after detonation at which radiation
is first received is more importsnt than the time spent in.the radioactive
area. This fact also accounts for the sharm rise of the radiation dose

to the maximum,

25. Certain provisional qualitative conclusions can be derived from the
foregoing analysis of the data in Documents A aznd B!

(a) The distribution of radiocactivity over the Test Baker array was
not a sirgle-peaked surface with a moximum at the oint of detonation.

The surfzce of distribution was sad le-shaped with the principal maximum
downwind in the neighborhood of BRULES. A secondary maXimum occurs upwind
in the neighborhood of BRISCOE.

(b) The double-peaked shape of the surface of distridution of total
radiatior dose is apparently due solely to the dose received Irom the
fission produéts deposited upon the target array. The double-pezked
character of the distribution of dewcsit dose was strongly indicated by
neasurecents of contamination folloring the te;t.

(c) The distributiop of total dose is not symmetric with the en-
velope of the base surge. This indicates that, assuming the base surge
envelone to be correct, the total dose did not result entirely fron the
base surge as stated in maragranh 2. The eccentricity of total dose
distribution is toward the west side of the array. Studies of Documsnt 3

indicate that the ~ccentricity of total doce distributicn was duc solely
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to the influence of the deposit of fissiocn naterials on the targets.
hgain, the tentative conclusion is that the mechanism by which the fission
products were deposited upon the target array cannot be explained solely
by the movement of the base surge.

(d) The residual radiation dose, which when added to the deposit
dose equals the total radiation dose, was avmarently due to radiation
emanating from the base surge. The distribution of residual or base surge
radiation was a single-peaked surface with the maximum roughly at the
center of the array. The orientation of the base surge radiation distribu-

tion apparently substantiates the studies on the motion of the base surge.

26. Following qualitative estimates of the distribution of gamma radia-
tion dosage after Test Baker, it remained to recalculate the data so as to
obtain the best cuantitative estimate of gamme radiation distribution con-
sistent with the accuracy of the basic readings. This step was necessary
because the calculations made vpreviously showed grave inconsistencies and
uncertairties. It was decided to investigate first ihe distribution of

deposit doses as calculated from Geiger Ccunter readings made subsequent

to Test Baker.

27. The basic assumption made in deter=ining the deposit dose was that

the radiaticn from deposited fission »rcducts diminished with time accord-

. / N\
ing to a decay law of 7-1.3. That is, dy S ot2 \ 1.3 wheare

2\ h

K4

dy is the radiatiorn intensity at time,tj,
after denosit and dp is the radiation intensity at time, tp. Figure 11
snows a curve AB which corresnmonds to ths 1.3 decay law. COrdirates are

radiaticn irntensitics in rocntrens aer dsy while abscissae are time
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(z2ro tizme is fission). Let t be the time at wrhich deposit occurs. For
rurposes of this study, time of depos<it, tj, is considered identical witk
time of contact as listed in Figure 1, rather than time of engulfment or
some arbitrary'time subsequent to engulfment. This assunption is based
on photographic evidence that the face of the base surge formed an acute
angle witk the surface of the water so as to overhang by several hundred
“yards the extent of the base surge et the surface. It appears that rain-
out of fission products on the target vessels began prior to engulfment.
The fact that several target vessels received considerable topside denosit
although never actually engulfed by the surge (for instance, CARTERET,

LCT 1013, LCT 1078) gives strong sucvort to this assumption.

28. Geiger readings obtained subsequent to Baker Day on the target
vessels represent values of gamma radiation intensity dp at a time tp -
subsequent to time of deposit, t]. Given values of d2, tp and %3 1t is
possible to calculate the integrated dose received from tl to infinity.
This is the deposit dase and corresHoonds to the area under aZ (Figure 11)
frem t; on to infinity. 1If d2 is the average tooside reading on the
target vessel, the integrated dose D can be considered as the average
deposit dose experienced by the vessel. The exnression for D is derived
as follows:

(1) d 'tg . 1.3 vhere dz is the average torside

Geiger reading at time ..
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from (1), L3

. ' X
\ - ! dlf ~ 7 / |
- s (4 = 4 : -
* P - . i
' - z,
Integrating,
— R ! ‘?°° ' 1_L3 i ;] i
D =d, Ty et = dr A
- e = 0 Fodi
14 .3 - -
(3) L dz'f;>v’ - \0-3 d, = Geiger reading at t, in
P T _': ‘.
C \‘ T, ! roentgens/day

= time i b-
t2 and tl time in days su

sequent to fission.

For purvoses of this study, the above expression is modified as follows:

(4) [:= .Ll +, ;I ‘o /,\; "\\c.f wvhere d2 is in Rfday, ty is in
<7 [T /! days and t; is in seccads.
29. The princival sources of d5 ard tp values for the above expression

were (a) the Interim Baker Decontaminaticn Revert commiled by the 3ureau
of Ships Group, (b) Table 1 of Apmendix VII to the B2 report from Cl3E to
013 dated 25 Septecber 1946, and (c) detailed daily revbrts of Geiger
readings available in Bureau of Ships files. An cffort was made to obtain
as rany tonafide re-adings as nossible. For each reading 2 devosit dose

irn roenigens, assuzing that the marticular reading had bezen arrived =2t

alons tie 1.3 decezy durve, ‘was calculated usinz exnressisn (4). The nmost
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probabtle value of deposit dose was estimated froo an assessment of the
various deposit doses predicted by the readings. The estimate was not
generally an average of the various predicted deposit doses. Readings
which were supnorted by several sources and which apnmeared to reliatly
represent the original deposit were weighted. The principal factor
affecting the reliability of the Geiger readings was the decontamination
procedure used after Test Baker. Decontamination evidently had a much
higher priority than attempts to gather technical data on contamination.
As a result, many targets were washed down before any readings were taken.
Decontamination had a highly variable effect on deposit readings, ranging
from practically nil ( SKATE) t§ more than a factor of 2 (MUGFORD). Con-
sequently, readings obtained before decontamination were more reliable
than later readings. Other factors which affected reliability of readings
were the extent of readings over the topside, the manner in which "hot
spots" were averaged in the overall reading, and the condition of the
decks as to rust, sand, etc. Due weight was given to all limitations on
the data in arriving at the most probable deposit dose. In order to
quzlify the dose thus selected as to the reliability of the data from
which it was derived, an "aceuracy evaluation" has been assigned each

result. These evaluations range from A to Z and are defined as follows:

A within + 10%
B within + 257
c within + 0%
D i'o statistical significance (single points

or widely spaced poirnts)
3 suspected data
It is imvortant to note that all doses recorded by Geiger Counter measure-
ments are of gamma radiation only. Iata particles were not measured,

ey . hd ———.
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2C. The results of the'denosit dose calculations are shown in Figure 12
(A to F). This tabulation is self-explanatory. The results of the two
right hand columns of Figure 12 are plotted on an accurate Test Baker
array in Figure 13. The area swept by the base surge is indicated by a
dashed line. Contours of devosit dose based on the values plotted in
Figure 13 have been represented in Figure 14 so as to avoid over-complica-
tion of Figure 13. Several important characteristics of the distribution
of deposit dose are apparent at once from casual study of Figure 14. liost
prominent is the fact that at least four maxima are evident. The quali-
tative study represented in Figure 9 indicated only two peaks. That a
hollow or saddle exists in the center of the array is still apvarent,
however. This is, perhaps, the most important characteristic of the
deposit dose distribution. A third characteristic of the contours of
Figure 14 is that an orientation_of the deposit distribution toward the
westerr side of the array is no longer in evidence and has been replaced,
apparertly, by an orientation to the eastward downwind. There are, how-
ever, certain limitations on the data which must be analyzed in order to

arrive at a true picture of the distribution of the devosit dose.

31. The data represented in Figures 12 to 14 constitutes the best
quartitative estimate which can be made with the data obtained at 3ikini
as to the actual deposit dose experienced by the Test Baker target array.
All krcwn data on this problem was used in the calculations of Figure 12.
The accuracy of the result is indicated by the evaluations assigned each
value. Of 47 vessels receiving a deposit dcse of 25 roentgens or zcore,
28 were assigred an accuracy svaluation 3 (+ 25%), 10 were assigred an

accuracy evaluation A (+ 10%) and the rerainder (nine vessels) received

26- Y



an evaluaticn of C or D and can be considered statistically indeterminate.
o suspected values (evaluation E) resulted. In addition, the contours
of Figure 14 are weighted toward the A and B evaluated points. Conge-
quently, the contours of Figure 14 renresent the actual distribution of

deposit dose after Test Baker to within a few percent.

33. The actual deposit dose experienced by the target vessels after
Test Baker is not of vrimary interest in this study. What is required
is the distribution of deposited fission products over the area affected
by the detonation. If the adsorption characteristics of the target ship
surfaces were in all cases identical, the distribution of deposited
fission products would bé identical with the distribution of actual
deposits experienced by the target vessels. It is well-known to person-
nel who inspected the targets after.Test Baker that the condition of
exposed surfaces varied greatly throughout the array. Consequently, tﬂe
contours of Figure 14 include a distortion resulting from variatioms in
the ability of target ship surfaces to collect and hold the fission
preducts. It does not appear mossible to correct for this distortionm
or each vessel in the array due to lack of data on the exact condition
of each target, and, more important, because of lack of concrete informa-
tion as to the adsorption characteristics of various surface conditions.
Recent detail monitoring of CRITTEIDZEI at San Francisco Faval Shityard
nas revealed important information on this subject which enables a
reasoratlie correctiorn to be made, The following is quoted from the rewort
on Project 41-47 of 29 Sevtember 1947 concerrirg experimental monitoring
c¢f CRITTZIDEU;

(a) Contamination ccllected in low spots and places wherg drainage

was bad..
han S
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(b) Rusty areas retained more contacination than vainted arees.

33. Careful study of the detailed monitoring of CRITIZiDZN indicates
that variations of contamination over various surfaces was only signifi-
cant in way of fusty, poorly drained surfaces. Readings in such loca-
tions were higher by a factor of about three. Therefore, as a first
approximation, the variation of adsorpéion characteristics among target
ships can be discounted except for vessels whose external surfaces were
rusty and poorly drained. 3Bureau of Ships inspections indicate that one
target type, the LST, belonged in this category. LST 661 was especially
rusty. Further, LST decks are voorly drained. It is considered, there-
fore that the maxima shown on Figure 14 in way of LST 52 and LST 661 is
entirely due to increased adsorption of fission products by the deck
surfaces. If the deposit'dose assigned LST 52 (6CCC B) is compared with
CRITTENDEN (2750 R) and PRINZ EUGEW (1750 R) on the onvosite side of the
array the equivalent deposit dose for LST 52 would apnear to be’about
25C0 R, Similarly, the equivalent dose on LST 661 sthould apnroximate
WUGFORD (1500 R) and that on LST 220 should equal CONYNGHAM (100). It
will be noted that these reductions are by a factor of 2.5-3 which is

in good agreement with the exverimental evidence. Figure 15 shows con-

tours of depcsit dose resulting when deposit doses cn the LST's are

arbitrarily reduced to the amounts irdicated irn brackets.

34. Several vessels other than LST's had exterior surface conditions
sufficiently at variance with the majority of targets to make the fis-
sion product deposit represented by their demosit doses oper tc guestion.

For instance, it has been establishad that neorous materizls collccted
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contaminaticn nore efficiently than non-porous materials. The concrate
drydock, ARDC-13, being more porous than steel vessels, probably received
a greater devosit dose than would have been received by & steel vessel

at the same location. However, since the 3250 roentgen dose received by
ARDC-13 has an accuracy evaluation of D, it is idle to attempt a reduc-
tion because of porosity,.especially since the effects of vporosity have
not been evaluated quantitatively. Similarly, the value recorded on
INDZPZNDENCE has also been left unchanged, although it probably is some-
what high due to the poor drainage characteristics of the uoper surfaces
resulting from severe Test Able damage. The pro%able variation in

deposit dose recorded on the above vessels is judged to lie within the

range specified by the assigned accuracy evaluations.

35. It remains to investigate the reasons behind the configurations
shown by the curves in Figure 15. There apvear to be two major and one
minor maxima established by the c&ntours. All three peaks occur over
a radial range of 500 to 1000 yards, centered approximately on the
1C00 yard circle. After considerable study and the investigation arnd
rejection of several unsuitable hypotheses, it was determined that the
peaks cvidcaced on Figure 15 coincide epatially with the location of the
early fallout from the rmushroom head as shown by vhotogravhs. It was
also established that the height of the pecaks agreed gererally with the
tize of the fallout. That is, the fallout in the vicinity of BRUILT -
PERSACOIa was earlier than that in the vicinity of SASCCINADE, etc.
Figure 16 through 19 depict the principal data which can be obtained
from photographs, The ecarliest fallout from the mushrocm is not ovar

BRULZ - PEUSACOLA, the "hottest" vescels in the array. Figure 17
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dcfinitely establishes that the esrliest folleut fell into the southern
sector of the array between FIIISTLVANIA end SKATE, This area should

be tke sector showing the greatest deposit dose in the array, if th
hypothesis is true. Unfortunately, no vessels were located in this
sector and thus the hyvothesis loses a certain amount of substantiatica.
The remaining fallouts provide a good measure of information. The
western deposit occurs first and extends from PENSACOLA to YOG 83. Although
contact with the surface is hidden by the base surge, the time of

contact can be estimated roughly as aSout one minute after burst. The
fallout over GASCONADE falls shortly, thereafter. It is important to note
that at times approximately one minute after burst, a time difference

of ten seconds in the two times of fallout is equivalent to a 20-25% re-
duction ir radiation intensity according to the 7-1.3 law., For contribu-
tion to deposit dose, however, the time difference has the one effect

of changing the time of deposit, tl' since the deposited and undeposited
prcducts are aging at the same rate. This time delay is too short to
account fully for the difference in devosit dose in the two fallout areas.
Apparently, the earlier fallouts contain a zreater amount of fission

products then somewhat later fallouts.

36. A second rough substantiation of the argument that the fallout from
the oushroom read contributed a considerable proportion of the conteamina-
tion deposited upon the target vessels can be had by observing in vhich
sectors there was a conspicuous absernce of fallout or very much delayed
falleut. The most prominent "hole" in the fzllout ring as observed by
study of vhotographs is the vicinity of AGATO and SALT LAKE CITY (See
Tiures 17 «nd 18). 4 sccondary "hol:z" in the vicinity of SHATE is

noted ir Tizure 16. Zcth these arcas snow moderatc denosit doses commarcd

to the porks under f£allnuts, .,




37. 3ased on the hypothesis that derosit doses were greatly erhonced
in way of the fallout "ring" from the mushroom head, the distritutiozn

of deposit dose over the target array can be visualized in three dimen-
sions as having a shape comparable to a volcanic mountain containing a
crater in the center. The fallout ring produces the rim or wall of the
crater. This rim is not smooth but consists of several mnesks and valleys
around its perimeter corresponding to the unequal times and amounts of
fallout. The center of the crater and rim is not the center of the array.
Downwind, in the neighborhood of BRULE, YOG 83, MAYRAIT and FEVADA, the
meén distance from the center of the array is about 10C0 yards. Upwind
in way of GASCONADE, the mean distance to the center is but 600 yardg.
PENSACO%A. crosswind, is about 800 ya-?s frocw burst. The fallout ring

is thus about 1660\yards mean diameter, disnlaced downwind from LSM 80 .
about 20C yards. Since the mean time of fallout is estimated to be about
one minute, the velocity of movement downwind of the mushrocm must be
about 2C0 yards mer minute or 10 feet ner second. This corresponds to

a speed of six knots or surface wind speed. This motion of the mushroom

is substantiated by studies of vhotogranhic evidence.

38. Figure 20 shows the rim circlzs or mean circle of the fallout frem
the mushroom in elevaticn z2nd in ex»anded forz, that is, broksn at C° true
and laid out flat to demonstrate the contour of the crater rim. Criinates
are deposit dose values while abscissac are true comrass bearings frem

the array center. Locations of target vessels on or ncar the rim circle
are indicated. Portions of the nrofile which are fairly well fixed oy
snecific target ship doscs are revrcsented 3y 2 solid lirne. In certzin

sectors of the circle, data on the shewe of tac corntour is incommlete
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because of gams in the spacing of the target array. These secticns are
indicated by a dotted line. In addition, probable nrofiles in tie uncertain
sectors, as indicated by s;udies of the fallout pattern, are represented by
a dashed line, Figure 20 shows probable profiles in two sectors. The veak
reoresented by the earliest fallout, which 4id not contact any targets, is
shown between 180° true and 220° true. The maximum value has been esti-
mated at 8000 roentgens from comparison with known values of PENSACCLA

and BRULE. A probable minimum deposit in way of NAGATO, which was not
measured, is shown at 30° to 40° true. This valley is estimated at 1000

roentgens by observations of the "hole" in the fallout ring from photo-

gravhic evidence and a low value of devosit on LCT 818.

39. The shape of the fallout ring wrofile shown in Figure 20 demonstrates
the irregular nature of the deposit from the fallout. TFor design pufposes.
an average expectancy or meén value of deposit dose in way of the fallout
is necessary. This mean deposit dose, which gives an area equal to the
area under the profile in Figure 20, is 3924 roentgens. A horizontal

line representing this dose is shown on Tigure 20. For design purpbses,
4000 roentgens is a convenient éalue for the average exrected dsmosit

dose to be exmerienced by a vessel stationary on the rim circle or mean
locatior of the fallout ring. This would be the maximum deposit to be

expected under design conditions.

40. An avproximate measure of the devosit dose of the center of the
array can be calculated from a Geiger recading obtained by aircraft at
burst plus one hour. The intensity of radiation neaf the water surfacc
#t the center of the arrazy was 400 rozntszns mer 24 hours at this time.

Assuming that thc demosit occurrcd one sccond after bturst (it was wnrobably
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later vhen the surface subsided) the integrated devosit dose from exmres-
sion (4) is 650 roentgens. This indicates the demth of the "crater" in
the center of the deposit dose distribution. THe deposit dose of the

center of the array is showm as a horizontal line on Figure 20.

41. In sucmary, Figure 14 represents the best quantitative data available
to the Bureau of Ships on the actual distribution of deposit flose on Test
Baker target ships. Fi;ure 15 represents the best quantitative data avail-
able to the Bureau of Ships on the distribution of deposit over the array
after certain elementary corrections =zre made feor the variations in ability
of target ship surfaces to absorb fission products. Studies of photographic
records indicate that the maxima in Figure 15 corresvond with early fall—
out from the mushroom head. It is hypothesized that these maxima are
indeed the result of con£amination from the fallout and that, ideally,

the contamination would be in the form of a ring of high demosit wvalues.
Actually, the deposit values in the ring are hiéhly variable and form an
annular series of maxima_and minima. Considerable accurate analysis by
persons skilled in nhotogrammepry is necessary to explore this hyvothesis
and to determine the space,'time and rate of fallout factors which control

the devosit dose received.

42. Analysis of the total dose of gamma radiation exoerierced by the
target ships is based on the film badge data recorded in Document &. The
principal data from Document A is reproduccd in Figure 21 (A to X). This
rcoresents the best and most completc information obtainable from the

files of &FSWP. All measurcments are of gamra dosage only, which is

consistent with the demosit dosc calculation nreviously made. Yearly all
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readings are of shielded badges; that is, badges located within the tarcet
so as to be protected to a greater or lesser extent by structure and equio-
ment. The influence of the shielding on the badze reading is not under-
stood quantitatively as yet. It apvarently is many times the shielding
effect which might be expected from consideration of the vlating thicknesses
interposed between the badge and the exterior of the vessel. The probdlen
of determining the effective shielding of ships' structure will be the

subject of a separate study.

43. Sixteen film badges on thirteen targets were located tovside in
presumably unshielded locatiéns. Paragraphs 13, 14, and 15 state the
reasons why the reliability of these badge readings is open to question.
Consequently, the actual total dose experienced by each target vessel
must be estimated largely from comparison with other targets having badées
in similar locations. Certain targets whose total dose is considered

to b e well established will be used as key targets or "bench marks" from
which to measure the total dose receivea by neighboring vessels or vessels
of similar tyve. Deposit doses recorded in Figure 12 will enable a mini-
mum value of total dose to be established in nearly all cases. As was

the policy in estimating deposit dose, an accuracy evaluation identical

to that established in paragraph 29 will be placed on each estimated

total dose to indicate the reliability of the estimate. All estimates
will be of unshielded total dose exverienced by the targets. It should

be noted that film badges were taken off the targets 5uring a period of
weeks following the test. Devosit doses were calculated to infinity as
regards time. In this study the film Tadgze results will be taken as the

total dose to infinity in regard to time since the "tnil" of the curve



oI radiztiosn froz the deposit beyond several days does not contribute

appreciably to the total dose.

24, It is essential to a comparison analysis of the total dose that cer-
tain datum vessels exist, for which the required values of the total dose
are known with reasonable certainty. Otherwise there would be little
quantitative significance to the film badge results. The actual film badge
readings are highly relative because of undetermined shielding effects and
certain vroblems of converting the badge densities to roentgen readings.
Fortunately,‘several target vessels can be used as datum vessels for the
rest of the array. In general, these vessels are remote from the center
of the array and downwind. Because of the early lifting of the base surge,
these vessels never actuallf disapneared into the surge but were merely
rained upon from above. Consequently, the deposit dose and total dose
should be nearly identical. The following targets were investigated first
to.establish accurate total dose values, if possible:
(a) LST s45.

This ship was the outermost downwind LST (see Figure 13).
It never disappeared from view of towers on 3ikini and Amoen as the base
surge paséed over it. The estimated denosit dose was 150 roentgens
(Figure 12-D). An unshijelded badge on the starboard lookout recorded
1+& rocntgens total dose. This is an excellenf check and the estimated
totnl dose w;s set at 150 roentgens, accursocy evaluation A.

(b) COUYNGHaM (DD 371)

This vessel was the outermost vessel in the north-west

destroyer chain. It never disapneared from view as the base surge nassed

over it. Conscquerntly, the total dose would bc exvected to agrec
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substantizlly with ths estimated demosit dose. Ihc estimated dsmosit
dose was 100 roentgens (Figure 12-C). An unshielded badge on ¥o. 1, S-inch
gun mount registered 22C roentgens. This reading is considerably higher
than might be expected. On the basis that deposit dose might be as high
as 125 - 156 r&entgens, a total dose of about 150 roentgens would be more
in order. The highest shielded reading recorded was 105 roentgens in the
pilot house. This apnenrs reasonable. However, becruse of the variations
in badge readings on CONYI'GHAM, the data docs not warrant using this
vessel as a "key" target ship.
(c) LCT 1078

This craft lay Jjust outside the nath of the base surge in

the north-east LCT chain. It was rained upon by the overhanging portion

T

of the base surge. he estimrted demosit dose was 100 rocntgens (Pigure
12—3). A badge in the pilot house registered 102 roentgens. The pilot
house on an LCT is nearly transporent to gamma roadiation. In addition
to the devosit dose, LCT 1078 undoubtedly received some "surge radi?tion"
from the base surge which vpassed within 200 yards of the vessel, On this
basis, a total dose, unshielded, of ~bout 125 roentgens apnears to bde
a reasonadle figurc. 4n accuracy evalustion of 3, commarzble to that
of the deposit dose estimate, is Jjustified.
(d) ZICT 705

LCT 705, situated outside the math of the base surge on
the west side of the array roceived a devosit dose of 25 rocntgens from
the overhanging portion of the basc surge. The radiation from the base
would hove becn comparatle to that experienced by LCT 1078. A& badge
locnted in the pilot house registcred 40 rocntgens. On the basis of the
same considerations as {c¢), o total dosc of 5C rocntgens with nccuracy

cvrluntion of 3 iz r13umud, 2
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These two destroyers were located in different sectors

of the array, TRIPFE in the northwest destroyer chain and HUGHES on the
cast side of the array. 3adge readings strongly indicatce that these

vessels sustained identicnl total doses from Test Baker. The vrincinel

supporting badge rendings arc as follows!

RUGHES  TRIPPE

USHISLDED BaDGE ' 4900 43900
BOS'N'S STOR=E 2600 2600
No. 1 HaNDLING ROOM : 1800 1925
GUNDIRECTOR 4275 3900

These figures indicate that a total dose of about 5000 roentgens

would be reasonable for both vessels. Principal discrepancies in tkre

data are:
HUGEES TRIPZE
TCRPED0O SEACK 1750 5200
GaS . ASX STCVAGE 470 1750

The torpedo shagk vaiue on TRIPPZ is higher than the unshielded
badge and is open to guestion. The discrepancy in doses in the gas mask
stowage in the stern may be explained by the floodirg of the stern of
EUGEES, In view of the close agreement among the film badges supverting
tke estimate, a value of 5C00 roentgens is assumed, with ag accuracy

evaluation of 3.

45, The vessels investigated in parazraph 44 are the only targets for
which a firm judgment of total unshield:d cdose can be made at the sutscet

cf the 5tudy. Further esticates must be obtaired by commaring varicus
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target vessels with adjacent ships or shivs of similar class. ZJortunately,
a large number of the target ships were pleced in "chains" of like vessels
extending out from the center of the array like spokes of a wheel. These
"chains" are ideally suited for comparative analysis of total unshielded
dose. Investigation of each chain had the following results:
(a) Yorthwest Destroyer Chain.

Data on the northwest destroyer chain is plotted in Figure 22.
Ordinates are dose in roentgens. Abscissae are distance in yards from
center of burst. The location of the eight destroyers in the chain are
indicated. Curves have been drawn through voints representing badges in
substantially identical locations on each ship. The location of tke badge
is irndicated on the curve. In addition, a curve of estimated deposit
dose has been shovn. With the aid of these curves and the unshielded
check point of 50CO roentgens nreviously estimated for TRIPFE, a curve
of estimated total doses has teen drawr.. The unshielded tétal dose esti-

rates taken from this curve are as follows:

ACCURACY
EVALUATION
FAYRAUT (DD402) 8000 R c
TRIPPE (DD403) 5000 R B
WILSOY (DD40S) " 3800 R B
) STACX (DD406) 3200 R 3
REIID (DD404) 27C0 R c
MUGFORD (DD3289) 1750 R B
VAIRWRIGET (DD419) 500 R B
CONYLIGEAM (D2371) 125 R 3

An accuracy cvaluation of B has been ziven these values with the szcewtion

VrA NPTy T

nf tvwo cases. The doss estimated for MAYDA
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because of the difficulty in assessing the reading cf film badgss at very
high levels of radiation (greater than BOOO roentgens, roughly). The total
dose on this vessel may be somevhat higher than estimated as a consequence.
The RHIMD estimate has a reduced accuracy evaluation because of the lack
of supvorting badge readings on this vessel. Study of the character of
the curves in Figure 22 is most instructive. It will be noted that the
curves for badge locations below the weather deck reflect the strong in-
fluence of the deposit dose characteristics. However, the downsweep of
the deposit dose curve from TRIPPE to .:.AYRANIT hes disappeared or is greatly
reduced by the effects of the "surge radiation” which, within about 1200
yards becomes more intense than that emanating from the deposit. It will
also be noted that the curve for the director, which is remote from the
denosit-laden decks and more exposed to the surge radiation, follows the
total dose curve very closely except at ranges beyond 3000 yards where
the surge radiation has become very small due to the lifting of the base
surge. In this regien, the very remoteness of the director from the mass
of deposited material causes its dose to fall cff more rapidly than the
average,

(b) Western APA Chair.

Data on the western aP4 chain is plotted in Figure 23. The

dose-distance grid is identical to that in Figure 22 and the target shins
involved asre indicated at their nrover distance from the burst. as in

Figure 22, the curve of estimated depcsit dose is shown. ITc "key”

vessel
exists in this chain to act as a check voint. Conseauently, the character-

istics of the curves dervict:d in Firure 22 fer the northwest destroyer

chain are relisd unen to irndicate the nromer curve of estimated total
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dose. Zsticated total doses taken from this curve on Tigure 23 =nd

rounded off in view of the accuracy involved are as fcllows:

ACCURACY

EVALUATION
FALLON (APa8]) 10,000 R c
BRULE (.P466) 9,500 R 3
DAWSON (aPA79) 6,700 R 3
CRITTINDEN (iPA 77) 3,000 R B
BARROW (APA61) 1,500 R B
W TER (ADA60) 700 R D
T= (AZa68) 400 R B
CARTIRET (APA70) 130 R B
CORTLA'D (;.P}.vs) 10 R B

Inasmuch as the film badge data and deposit dose data is estimated to be
sufficiently accurate to give results within + 25§ of the correct wvalues,
an accuracy evaluation of B is given with two excentions. Yo topside
unshielded or lightly shielded badge readings are available orn FallOKL,
Hence, the curve has been influenced irn thig region by the behavior of
the destrcyer curve in Figure 22. Zowever, the drastic down-sweev of
the shielded curves demicted in Figure 23 indicate that thec surge radia-
tion was less effective in this quadrant and hence, FALLCH's total dose
pay be considerably lower than estirated. A lower accuracy evaluation
is made to indicate this nossibility. >Fairing of the dqnosit doss curve
indicated that the deposit estimate for 3AITZR was much toc high.

Figure 12-3 indicates that the estimate of 1000 roentzens devosit dose
made for 340 ER was made on the basis of three geiger readings, two of

which gave denocit doses in the neighborkccd of 100C roenteens. Tk

(%)

third ave a much lower dose, A59 roentzens. The curve in Figure 23
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indicates that the third reading was more reoresentative of the actual
deposit dose. The curve of deposit dose shown in Figﬁre 23 is estimated
to be quite reliable in this region because of the accuracy of the estimate
Tor BARROW and BUTTE, vessels adjacent to BANMEXR in the chain. On the
basis of these considerations and in order to.maintain a consistent rela-
tion between deposit and total dose for each vessel, the estimated deposit
dose for BAIN'ZIR has been changed to 600 roentgens and'the accuracy evalua-
tion lowered to D. A total dose estimate of 700 roentgens is made and

an accuracy evaluation of D placed upon the estimate in view of the con-
flict with the original devosit estimate. The characteristics of the
curves in Figure 23 reflect, in general, the same influences noted on

the destroyer curves (Figure 22). Badge locations below the weather

deck reflect the character of the deposit dose curve while the wheelhouse
badges tend to apvproach the total dose curve in the close-in region where
surge radiation becomes of paracount imnortance. In addition, the twin
curves of badge locations in the S.I. Stores compartment, frame 20, give
very interestirg information on the trersnarency of the sides of the
vessel to gamma radiation. One set of badges was located on the wort
sides of the commartment ard the otker on the starboard sides. Thus,

in addition to a2 common dose received frcm radiations from overhead,

each set of bYadges reflects a dose recceived through the adjacent shell
plating. It will be noted in Figure 13 that this chain of AFA's were

so situated that the center of the burst was on the port side. Frem

the outermost vessel in toward the center, the port badge readings

are consistently a2bove the startoard badze readings, indicative of the
radiaticn ruceived from the face of thc base surge as it anmroached the
port side of wach wveuscl. 3Beginning at 1600 yards annroximat:ly and
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progressing in toward the center of the array the vori sice doseslbegin
to increa;e abruptly, rapidly drawing away from the starboard side badge
readings. The mort badge reading on "aUSCH was 1880 roentgens while the
starboard badge reading was only 495 roentgens. This indicates that
some other effect has been ad’ed to the base surge radiation on the port
side of the DAWSOll. Paragraph 35 demonstrated that an early fallout from
the mushroom cloud fell on the port side of DAWSCY in the neighborhood of
BRULE. It was vostulated that this fallout was highly radioactive. The
radiation from this fallout would account for the radically increased
port badge reading on DAWSON., This hypothesis is supnorted by the
character of the curves at closer ranges. At BRULZ, the two curves have
aprroached again, indicating that the fallout fell all arcund BRJLZ
leaving only the radiation from the face of the base surge to have its
selective effect on the port badge. TFALLCY was inboard of the BRUIZ
fallout so that it fell on her starboard side. As a2 result the curves cross
between BRULE and FALLON, the starboard tadge thern recording the higher
reading. Apparently the radiatiorn fron the BRULE fallout was mcre in-
tense on FALLCK than the radiation from the aoproaching face of the
surge. This demonstrates that the f2llcut over BRULZ was very "hot"
ard supports the hymothesis investigated in paragrerh 35 and subsequent
paragraphs.

(c) Southern APA Chain

Data concerning total dcse distribution alorg the southern AZFA
ckain is plotted in Figure 24, The data is rzcther mcager because only
four ships had sizrificant doses and nc tudge readings were available
cn one of the most imvorternt of these, C-3lCLADZE. Also, badges were

not nlaced in idinticual locatinons on n11 vessels and 2 a4 censCauunc:

S
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only four shielded curves could be drevm. The badze readings in the
wheelhouse were availadle on CATRCH and 3RACKZU only. However, 3RISCCE
had a badge in the Dental Office on the upver deck at Frame 105. This
badge location would be roughly equivalent to the wheelhouse location.
3ATER, in the western chain, had badges in both locations which
registered substantially the same dose. Assuming that the locations-.are
comparable, the dose recorded in the Dental Office has héen plotted on
the wheelhouse curv; for BRISCCE. On the basis of the character of the
shielded curves and the estimated deposit dose curve, a curve of estimated
total dose has been drawn. Two unshielded badges on BEISCOE have been
‘used as check voints, ths curve being passed midway between their values.

The estimated total dose for each vessel, as taken from this curve are!

ACCURACY
GaSCONADE 9000 R c
BRISCOE 7000 R 3
CATROK 3500 R 3
BRACKEL 1500 R 3
FI1LLIORE 10 R 3
3LaDIV Yegligible
GITEVA n
T1AGARA "

The estimated dose for GASCONL.DE is gzivern a reduced accuracy evaluation
bscause of the lack of film badge data on this vessel. The character
cf the curves in Figure 24 reflect the influences noted on nrevious
crzins, The below-decks badges show the strone influence of the denosit

while the whe:lhouse curve tcnds to fcllow the tztel dose curve,
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identical and indicate that the observations were of high quality. Tho

engine room, although considerably transparent to tﬁe surge radiation, ‘

E o ehows the etrong inﬂuence of the deooeit and gives a fair check of the \ \~
‘deposit curve in this region. ' The eharn rise in ‘the deposit curve from ‘_.‘
LO‘.'E 818 to I»CT 816 ie dne to the fallout over the Iatter ship‘ The '- r V ,,;-;'}i
LCT 816 denoeit dose is corroborated by the dose on LST 133 a cloee A'»"-;v B ,:' 1
neighbor in- the arrey. No badge readings are a.va.ilable for- LCT g816.. - ]
. A.s a coneequence. the accuracy evaluation of the total dose for this ‘ T
. veesel 18 reduced, The tota.l dose estimates for the LGT chain ere as. ) ;
) follows: - _ ' ' - © ACGURACY - B .;" ’ 4
_ e o ; o 'EVAQATIQN - A
. } : - . 1CT 816 . _‘52003 : c -
e ' \ LCT 818 3000 R .B : - | 1
ICT 874 850 R B :
1CT 1078 120 R B
LCT 1112 and 1113 10 R A
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In fact the general etores cu.rve agrees closer vith the chara.cter of
the estimated tota.l doee curve.. The end,-points of the total dose _curve’
‘are fixed. by unehieIded ba‘dge readings on the look-aut platform on

LST 52 and LST 545 'I'hie location is sufficientlx remote from the rusty
‘ weether deck to. give valid readings. The enetence of the 'unehj.elded
checlc—points makee the qua.ntitative accurecy of the total d.ese fairly -
high and also offerg a good check on the reasonablenees of the a.d;)nsted.
deposit assumptions. Zstimated total doses for the LST chain are as

follows:




ACTURACY

ZTALUATIO
LST 52 4000 R 3
LST 661 1750 R B
LST 220 275 R 3
LST 545 150 R A

46. Determination of total dose on vessels not lying in 2 chain of
similar vessels requires individuai study and comparison. This is most
easily accomplished on vessels where estimates have already been made
for sister or similar ships in chains. Pestroyers not lying in chains
are HUGHZS, MUSTIN, and RALPH TALBOT, The total dose on EUGEZS has
already been established at SO00 roentgens (mparagravh 44). MUSTIﬁvgédi
an unshielded badge which registered 2000 roentgens. To test this
value, comparison is made with badge readings on MIGFORD, for which a

total dose of 1750 roentgens (B evaluation) has been made.

Compartment ~  MUSTIN = MUGFORD
Inside Fo. 1 Mount 1600 1750

. No. 1 Eandling room 235 190
Bosn's Stores 16C0 420
¥o. 1 ¥agazine 79 36
Deposit estimate 1CC0 1500

The UG ORD reading inside lio. 1 moun%t is »robably in error since it is
identical with the total dose estimate. Cn the Dbasis of other considcra-
tions a total dose for MUSTIN of 2000 roentgens aznears to be auits
reasonablc. An accuracy evaluation of B is made. 3zdze readings on
RALPH TALZ0T apncar to be slightly higher than thosez on MUSTIX in a

viry consistunt panner that warrants a total dese acstimate of 228C

rocntzens, accuracy cvaluationn B,
_aa- - )



47, To badge readings exist for LST 133 but inasmuch as this craft vas
very close to LCT 816 and the two vessels sustained the identical deposit
dose, an estimate of total dose of 5000 roentgens, accuracy evaluation C,
is made, agreeing with that for LCT 816. Comparison of other landing
craft with craft as similar construction and location resulted in the

following estimates:

ACCURACY
EVALUATION
ICT 1013 250 R B
) LCT 1115 Negligidle c
LCT 332 750 R c
LCI 327 350 R ¢
ICI 329 10 R c
LCI 549 Negligible  C

48. Battleshivs., Badge readings on the three surviving battleships

are very misleading unless analyzed carefully. This stems from the fact
that badge locations on FPINNSYLVANIA were generally high in the vessel
and received large doses. Six badges registered over 1000 roentgens.
Badge locations on NEVADA, on the other hand, were generally deep within
the ship and generally vrotected by heavy armor. Doses recorded on
UZVaDA were thus low, the highest being 440 roentgens for a location on
the third deck. Tirst apmearances indicate that PEiSTLV.IIA sustained
the higher total dose but close analysis indicates quite the rcverse.
There are vractically no comparable badge locations on the two vessels.
Only one roughly coczparable location was found. A badge in D-430-T on
NZVada registered 4.9 rocntgens while 2 badge in A-427-1 on FEUSYLVAITA
regigfcrud tut 0.23 rountgens., Fortunately, =7 YCR¥, the third battle-

shin, huad soverzl bted:;: locations comparable to thosc on PIUS3YLValla
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and several in locations comparadble to :=TAZA. Moreover, the total dose
on N2 YCEE is avrarertly midway between the other two. FPIITISILVANIA is
used as the quantitative check voint, the estimated total dose being 3500
roentgens as determined by comparison with close neighbors, narticularly

C~TROHN. 3Based on a study of the data in FTigure 21-A, the following tatal

doses are estimated. ACCU?ACY
VALUATION
PZIHSYLVANIA 3500 R B
J=W YORK 4000 R B
LZVADA 4500 R B

49. Crujserg. PENSACOLA had two unshielded bdadges which registered

6700 roentgens and 10,000 roentgens resvectively. Since the deposit dose
on this vessel was calculated to be 67C0 and she was located so as to
receive a large surge gédiation dose, the latter value 15 probably more
neerly correct. Ir the absence of other data, a value of 10,000 roentgens,
accuracy evaluation 3, is estimated. S~ALT LaKE CITY also had two un-
shielded vadges, registering 1600 znd 24CC roentgens. These tadges,
unforturately, wsre 1ocatgd under the <turret overharngs and thus dsrived
considerables shielding apparently. This estimete is suvported by high

internal r:adings: ZFilot Hcuse 17CC; "indless Roerm, 140C; Zmergancy

Padio Rocm, 18CC. The -ilct house on TIU5aCCLs nad readings of orly

2]

about 30C0 roentzens. after study of tadze data in Figure 21-C and coz-
pariscn with rneighbering targets, an sstimate of 3280 recentzzns total

dose, accuracy ewvaluation C, was made for the S=1T7 Lo¥=Z CITY.

50. Surmarines. Trhe data on SEATE and P-RCEE is difficult tc assess

guantitativ.ly. The badge reading of 528C0, rccerded in SZIZ's officer's

courtry, anvears to o- crroneous. The %Hust wrabable reading ammears te
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be that in the forward escape trunk, 28C0O roentgers. <=lementary considera-
tions of the shielding involved make a total dose estimate of S0CO roentgens
reasonable. The accuracy evaluation is judged to be D. The PLRCHEE readings
are only about one-seventh of those on S¥AT=. Fowever, FARCHEZ had increased
shielding from superstructure which SKATE had lost in Test A3LE. Con-
sideration of the data and the deposit doses received, make an estimete

of 2000 roentgens total dose appear reasonable. The accuracy evaluation

is D.

5. Yo estimates were made on the following vessels because of lack of
data or vnoor opportunities for comparison:

INDEPENDEICE (CVL22)

PRIJZ EUGE! (IX300) ‘

YOG 32

ARDC 13
It is proposed to estimate these values from contours based on the re-
mainder of the array. Figure 27 summarizes the total dose estimates.
Figure 28 devicts contours of total dose based on the values in Tigure 27.
2ased on the contours of-Figure 28, values of total dose for the above

vessels are:

IWDEPENDEICE 40CC R
PRINZ ZUGET 280C R
I0G 83 6000 =
ARDC 13 4000 R
52. A rough check upon the general validity of the contours of total

"and demosit dose, and tho estimates which they romrescnt, c=n bz rade
by plotting the cortours of sursc radiztions. The surge rediction dose

cain bo obtaincd for cach tarzot ship by subtrocting the cstimatod dumosit

M ——



dose from the estimated total dose. If both dose estimates are consisteat
throughout the array, the contours dictated by the array of surge radiation
values should exhibit certain characteristics. In general, the contours
should be fair, with no inconsistent wvalues and®the contours should be
oriented so as to agree wvith the orientation of the base surge. Contours
of surge radiation derived by subtracting the demosit dose data of Figure
15 from the total dose data of Figure 28 is plotted in Figure 29. It will
be noted that the surge radiation contours are oriented with the wind
direction. In general, individual values are consistent with the contours.
Two cr three exceptions are present. The surge radiations values for
maYRalT and LCT 818 are considerably higher than might be exvected. The
amount of surge radiatior on CRITTENDEN and STACK, however, appear low.

No variaticn is greater than the estimated accuracy. These variations
noint up the difficulty of deriving firm results from faulty or fragmertary
data. Ho arbitrary adjustments have beern made in the total dose or depcsit
dose data to bring the above vessels intc alignmernt with the surge radia-

tior contcecurs.

- 53. The centours of surge radiation exkibit a simnle single peaked sur-
face of distribution cver the array. The maximum is rcuzhly in the certer
c¢f the array and is estimated to be about 550C roentgens. The devosit
dos= in the center of the array vas estimated to be 550 roentgens (vara-
grazh 40). Hence, the total dose in the center of the arresy would be
about 6000 roentgens, rouchly. This indicates the depth of the hellow in

the total dose distrituticn in the center of the array.

54, Paregravhe 26 threugh 53 contain the most commlote analysis of tho

Fghommn radiation hazard frem the Test ﬁakcr underwater burct wkich hus

N m
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gamma'_ radiation ‘haza.rd are tm' a.nd thaf: the )

: '_’}:Q_: .
séed. hu'ther it 13

easona le des:lgn nta.ndard' an averagev expegtanpy
x' e N [ a~ \-v-’;"

for gamma radiation ha.za.:éds fro:i an.nndemter burst of an atomic ‘bomb

* j \‘I"meld constant ar& the. size and. efﬁciency of the bomb the dspth of \later _

-in way of the burst,- the depth of the burst the physical conforma.tion

4o

°f *'he lagoon bottom and surrmmd:lng islands, including the variations = = .-

"':of \dnd vave, tida and ‘water currents influenced by them; and the .

4
N

bl oy

. AA__‘temperature and humidity vh:lch existed at the time of the 'l’est Baker

)
RO PRI )

: "ﬁis:c. In other words tha fa.ctors directly affecting the propagation

of the gamma radiation hazard are considered to be 1dent1ca1 with those

affecting:t.he Test Baker burst. Factors influencing the distridution
of the hazard over the area surrounding the burst are generalized in

the £ 6110wing paragraphs.
~-53-~




56. ¥ind Yelocity. The wind velocity (six knots) which was present

during Test Baker ies not representative of the mean wind velocity to e
exnected, A4s discussed in varagravh 9, a design wind velocity of 1T kmots
will be assumed. Figure 6 describes the motion of the base surge at design
vind velocity. It will be necessary to alter the contours of devosit,

surge and total dose distribution to account for the increased wind velocity.

57. 2evosit Dose Distribution. The actual distribution of demosit dose
from Test Baker is shown in Figure 15. As discussed in maragrenhs 37 to
40 and as shown in Figure 20, the irregular series of demosit dose maxima
are the result of early fallouts of radioactive "rain" from the mushroom
heé&?’“fdéaiiﬁlwthis fallout should form a ring or circular maXimum
entirely arcund the center of the byrst. The average exmectancy or mean
value of deposit dose in way of the fallout ring was determined in para-
graph 3% to be about 4000 roentgens. This value will be usecd in construct-
ing contours of deposit dose for design murposes. It will be noted that
the deposited fission nroducts are deliveéed by two mechanisms; primarily
by the mushroom fallout and, to a lesser extent, by condensation of tkre
base surge. In addition, some of the fallout material, uvon striking the
sufface of the water, mixes with azir and drifts downwind; reinforcing the
contarinating influence of the Yase surge. As discussed in waragraon 40,
the devcsit dose ir the center of the array was found to be EEC roentzens.
This dose was due to cendensation frem the bese surge and water column,
reinforced by some contamination frem the mart of the fallcut rinz directly
unwind. As a rough aporoximation, the devosit ‘ose contributed by the

base surse in this region may be corsidered to he abeut 500 rcentmerg.

Thus, in wny of the fallout rinz maximum of 40CO rocntesrs, 35C0 roantzans

~i4- . =



surge devosit. Figzure 30 shows contours of mean deposit dose distribution
around a Baker-type detonation under the action of a 15 knot wind as indi-
cated. The base surge and mushroom are both considered subject to the
same wind in velocity and direction. The wind is coming from the top of
the figure to conform with the wind direction in Figure 6. It was noted
(paragraph 37) that the center of the fallout ring at Test 3aker was dis-
placed downwind a distance equal to the free movement before the existing
wind during a time interval of one minute. The center of the fallout ring
in Figure 30 is located 500 yards dovmwind of the center of the burst.
This is the distance traveled in one minute under the action of a 15 knot
wind. The mean dizmeter of the fallout ring remains 1600 yards as in Test
Baker. Tp conforn with the assumptions used in nlotting Figure 6, the
effective distance of base surge upwind is ccnsidered to remzin the same
regardless of the increased wind velocity. This assumption is vrobably
somevhat pessimistic. The rate of fall-off of the depcsit uvwind, as
indicated by the contours has beer flattened in view of the movement of
the fallout ring further downwind because of the increased wind velccity.
Tre crosswind distridtution of denésit dose is unaffected by the increased
wind velocity. Downwind, the extent of the various derosit dose cerntours
has been determined by assuming that tkhe demosit beyond three thousarnd
vards is controlled by the base surge movement cntirsly. For instarce,

the actual extent of the 50C roontgern contour downwind in Figure 13 is

3200 yards. This corresmnonds with the ncsition of the face of the baze

- ‘-<
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reach 3500 yarde downwind

k'noﬁ. V-ti.nd;r lhe‘refore r.he 500 roentgen contour

dgtem"i"fed'aimna;i;
m :r.\yr 5! . S

_€al‘ ‘Most., of . the'eurge redia.’cion oocurs duringv the ﬁrst few minnbes

_,_'—"J: v w4 RN

ifter the burst because. of.‘ the rapid decay of the 1ntensity of gamma . .

*‘;"« :"s
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re.dia.tion.
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tom' in l‘igu.re 29 1s closer to t.he center oi the borst at a.ny bearing

to b\u'et plus three minutes 1s effected only elightly by an- 1ncreaae 1n

tdnd velooity from aix to; 15' knots, Goneequently, the contours of 500

roentgens a.nd greater wi.ll reznain subsiantially the same.

v

-

(b) The 100 roentgen contour conforms to the outline of $he base 4

.

aurge envelope except 1n its

4 ’

extent downwind. It is considered that the

‘1ncreaeed re.te of movement of the base surg,e downwind a:tter three minutes -

. -

’oeca,use of the higher vind velooity will be more tha.n offset by the

s
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L tendanci ,c;:'f ‘the base. surge o 111"1: trom the surface at im earlier time. : T
- L ~-f’~ S8 ‘¢-J“. Lt f-;f-.'_::g ",‘.""" v '-._ = : SR
'Gonseq_penﬂ.y{‘:‘ b’

'lowing, the

surge radiation

vind. (say 17:!) lmots) vaul(l eanse conmlete dtssociation of the two effects, R

the deposit from the mushroom £alling in an otherwise unaffected area

d.ownwind. In l’igure 32 the 15 knot wind has caused the shallow crater

to become nearly a pla.teau of" a.bout 6000 roentgens downwind of a single

peak of 9009 roentgens’.’ 'l'he remnants of the .no—wind ring maximum are

- N ',’ : e . L s ) . y
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still represented by a dotted contour in the neighborhood of 7000 roentgens.

For practical design considerations, the contours within the 6000 roentgen

contour can be ignored and an even growth to a 9000 single maximum at the

] . . .
. center of the target area assumed. '

. N

60 !‘igures 6, 30 31 and 32 give the design data. necessary for considera-

.- tion of- the gamma. radiat4 on haza.rd resul ting from a Baker-type atomic

bomb d.etona.tion under mean cond.itions. The data represants the d.istribution

of ga.mma. radiatj.on d.ose to 1nf1n1ty\ in time over the ta.rget area. _For,_

. mapmiatmee o o

1w v
.

l

\f.'«_.lI he the sub:ject of a ae'oa.rate study
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Figure 19, ~Faotogra~h of BARZR array from Ancen lsiend at burst .lus
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